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1 HALF-INTEGER RESONANCE 
CORRECTIONS 

1 .l Purpose 

The purpose of these corrections is to eliminate those components of 

quadrupole fields in the booster which excite the 2Qz = 9 and 2Qy = 9 

resonances. These resonances must be corrected simultaneously without 

altering the machine tunes or introducing any unwanted harmonics. 

1.2 Magnets Used 

Each superperiod of the booster contains eight quadrupoles which are 

labled QVXl, QHX2, QVX3, QHX4, QVXS, QHXG, QVX7, and QHX8, 

where QH and QV denote horizontal and vertical focusing quadrupoles, 

and X refers to superperiod A, B, C, D, E, or F. These are the main 

quadrupoles of the booster lattice. Each quadrupole has a main winding 

consisting of 5 turns and an auxiliary winding (or trim winding) consisting 

of 2 turns. The measured integrated strengths of the QH and QV 

quadrupoles (see Refs. 4 and 5) are respectively 1.834 and 1.877 gauss per 
ampere-turn. The auxiliary windings are used for the half-integer 

resonance correction and are refered to here by the names of the 

quadrupoles on which they are wound. 

The auxiliary windings on the quads are connected together to form four 

strings which are labeled QVSTRl, QHSTRl, QVSTR2, and QHSTR2. 

Each string consists of the auxiliary windings of 12 of the quads connected 
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in series as indicated below. The ‘t’ and ‘-’ signs indicate the polarity of 

each auxiliary winding in the string. 

QVSTRl: +QVAl tQVA7 -QVBl -QVB7 +QVCl +QVC7 -QVDl 

-QVD7 +QVEl +QVE7 -QVFl --QVF7. 

QHSTRl: SQHA2 tQHA8 -QHB2 -QHBS tQHC2 tQHC8 -QHD2 
-QHD8 tQHE2 +QHES -QHFZ --QHF8. 

QVSTR2: tQVA3 -QVA5 -QVB3 tQVB5 tQVC3 -QVC5 -QVD3 
tQVD5 tQVE3 -QVE5 -QVF3 -tQVF5. 

QHSTR2: tQHA4 -QHAG -QHB4 +QHB6 +QHC4 -QHCG -QHD4 
tQHD6 tQHE4 -QHEG -QHF4 -tQHFG. 

The division of the 48 auxiliary windings into four strings with the 

indicated magnets and polarities insures that no 100, 50, 48, or 00 

harmonic components are produced by any of the quadrupole strings. The 
details of this scheme are discussed in Refs. (l-2) and in the appendix. 

The 12 auxiliary windings in each string are connected together with 

number 2 (AWG) cable. The total resistance of each series string, 
including the resistance of the windings, is 0.624 ohms. The estimated 

inductance of each string is 0.77 mH. The net EMF induced in each string 
by the currents in the main windings of the magnets is zero. 

1.3 Excitation Scheme 

The four strings QVSTRl, QHSTRl, QVSTR2, QHSTR2 are excited with 

currents Jr, J2, J3, and J4, respectively. In Refs. (1) and (2) it is shown 

that the 2Qz = 9 and 2Q, = 9 resonance excitation components CX, SX, 

where 
28.139 -76.062 -37.769 -126.518 

M= 
36.050 127.317 27.678 -77.381 

124.432 -9.590 -85.089 -45.423 

85.027 45.418 124.537 -9.564 
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CY, and SY produced by these currents are given by 

[ ;)=wQ[zJ (1) 

I , (2) 



f&v 0 o o\ 
0 QH 0 0 

QH = 3.668 x lo-” and Qv = 3.754 x 10m4 (tesla per ampere) are the 

integrated quadrupole strengths produced by each P-turn auxiliary winding 

on the QH and QV quadrupoles, I’ is the momentum, cP/e = 3.335641 

tesla-m per GeV, and the normalization constant, N = 105/(27r), is such 

that d/c-X2 + SX2’ and dCY2 + SY2 are 10’ times the resonance 

stopband widths produced by the correction scheme. The matrix elements 

in (2) are those obtained by Tepikian in Ref. (2) and are expressed in 

meters. 

The currents required to produce a given set of excitation components are 

given by 

’ JI 

i 

J2 

J3 

J4 I 
cx 

=- ; ($) Q-'M-' sx 
CY 
SY I 

where 

i 
-1.365 -1.833 6.054 4.130 

M-r 
-3.916 6.347 0.560 -2.215 

1.868 -1.357 -4.165 6.052 
-6.411 -3.819 2.253 0.444 

Thus if the operator selects values for CX, SX, CY, and SY 

1 .__ 
1000 

(4) 

1 . (5) 

then 

substitution of these values into equation (4) will give the currents 

required in the four strings. Alternatively, if the operator wants to know 

the values of the excitation components produced by the correction scheme 

for a given set of currents, then these values are obtained by substituting 

the currents into equation (1). 

1.4 Power Supplies 

Each of the four strings of auxiliary windings is connected to its own power 

supply. These power supplies are bipolar and can deliver a maximum 

current of 12.5 amperes at a maximum of 50 volts. Each 2-turn auxiliary 

winding therefore provides a maximum excitation of 25 ampere-turns. This 
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is 0.22% of the maximum excitation of 11500 ampere-turns provided by 

each 5-turn main winding during proton extraction. The maximum current 

requirement is based in part on Tepikian’s calculation [3] of the quadrupole 

strength required to correct the resonances. Since the resistance of each 

string is 0.624 ohms, the minimum voltage required at 12.5 amperes is 8 

volts. The additional voltage is sufficient to ramp the current in each 

string from zero to the maximum current in half the booster cycle period 

of 0.133 seconds. 

1.5 Controls 

The current in each string of quadrupoles is programed with a 400 point 

function generator which has the same name as the quadrupole string. The 

400 points are assigned values determined by the desired program and are 

clocked at a rate of one point per ms for proton acceleration, and at a rate 

of one point every two ms for heavy ion acceleration. The fist point of the 

function generator is clocked out at To and the function is held at this 

value until the function generator recieves a start pulse at time Tstart 

which is specified by the user. When the start pulse is recieved, the 
function generator points are clocked out at the specified rate of one or two 

points per ms. This continues until all 400 points have been clocked out, or 
until the function generator recieves a stop pulse. The time, Tstop, of the 

stop pulse is specified by the user and must be at least 25 ms before To for 

the next machine cycle. When the function generator recieves a stop pulse 
the clocking of points stops and the function remains at the value it had at 

time Tstop. If all 400 points are clocked before a stop pulse occurs then the 

function remains at the value of the 400th point. 

The function for each of the four strings is normally obtained from the 
functions specified by the user for the four excitation components. The 

currents required in the four strings are then obtained from equation (4) 
with P = 0.645 GeV/c. The user may sometimes find it useful to directly 

specify the functions for the four strings. The values of the excitation 
components are then obtained from equation (1) with P = 0.645 GeV/c. 

The value of the current in each of the four strings may be read back at 

time Tsample which is specified by the user. Analog signals for each string 

are available through a multiplexer. 



2 THIRD-INTEGER RESONANCE 
CORRECTIONS 

2.1 Purpose 

The purpose of these corrections is to eliminate those components of 
sextupole fields in the booster which excite the 3QZ = 14, QZ + 2Q, = 14, 
3QZ = 13, and QZ + 2Qt, = 13 resonances. These resonances must be 
corrected simultaneously without <altering the machine chromaticities or 
introducing any unwanted harmonics. 

2.2 Magnets Used 

Each superperiod of the booster contains eight sextupoles which are labled 
SVXl, SHXP, SVX3, SHX4, SVX5, SHXG, SVX7, and SHX8, where SH 
and SV denote respectively sextupoles located near horizontal and vertical 
beta maximums, and X refers to superperiod A, B, C, D, E, or F. These 
are the main sextupoles of the booster lattice used to adjust the machine 
chromaticity. The centers of the sextupoles are located 55.2 cm upstream 
of the centers of the quadrupoles--i.e. the center of SVXl is 55.2 cm 
upstream of the center of QVXl, and so on. Each sextupole has a main 
winding consisting of 8 turns and an auxiliary winding consisting of either 
one or two turns. The measured integrated strength of each sextupole (see 
Ref. 6) is 8.215 x 10m4 tesla/m per ampere turn. The auxiliary windings 
are used for the third-integer resonance correction and are refered to here 
by the names of the sextupoles on which they are wound. 

The auxiliary windings on the sextupoles are connected togther to form 
eight strings which are labeled SVSTRl, SHSTRl, SVSTR2, SHSTR2, 
SVSTR3, SHSTR3, SVSTR4, SHSTR4. Each string consists of the 
auxiliary windings of 6 of the sextupoles connected in series as indicated 
below. The ‘+’ and ‘-’ signs indicate the polarity of each winding in the 
string, and ‘/2’ indicates auxiliary windings with just one turn. 

SVSTRl: +SVAl --SVA3 -SVC1/2 tSVC3/2 -SVE1/2 +SVE3/2 

SHSTRl: tSHA2 -SHA4 -SHC2/2 tSHC4/2 -SHE2/2 +SHE4/2 

SVSTRZ: tSVA5 -SVA7 -SVC5/2 tSVC7/2 -SVE5/2 +SVE7/2 

SHSTR2: tSHA6 -SHA8 -SHC6/2 tSHC8/2 -SHE6/2 tSHE8/2 
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SVSTR3: tSVD1 -SVDS -SVF1/2 +SVF3/2 -SVB1/2 +SVB3/2 

SHSTR3: tSHD2 -SHD4 -SHF2/2 +SHF4/2 -SHB2/2 +SHB4/2 

SVSTR4: tSVD5 -SVD7 -SVF5/2 +SVF7/2 -SVB5/2 +SVB7/2 

SHSTR4: tSHD6 -SHDS -SHF6/2 +SHF8/2 -SHB6/2 +SHB8/2 

The division of the 48 auxiliary windings into eight strings with the 

indicated magnets and polarities insures that no 140, 108, 98, 48 or 06 

harmonic components are produced during correction of the 3Q2 = 13 and 

Qz + 2Qy = 13 resonances, and no 130, 90, 58, or 08 harmonic components 

are produced during correction of the 3Qz = 14 and Qz + 2Qr, = 14 

resonances. The details of this scheme are discussed in Refs. (l-2) and in 

the appendix. 

The 6 auxiliary windings in each string are connected together with 
number 2 (AWG) cable. The total resistance of each series string, 

including the resistance of the windings, is 0.3066 ohms. The estimated 

inductance of each string is 0.003 mH. The net EMF induced in each string 
by the currents in the main windings of the magnets is zero. 

2.3 Excitation Scheme 

The eight strings SVSTRl, SHSTRl,..., SHSTR4 are excited with currents 

JI, Jz,..., J8 respectively. If Jj = Jj+J for j = 1,2,3,4, then the 3Qz = p 

and Qz + 2Q, = p resonance excitation components for p = 13 are zero. 
Similarly, if Jj+d =: - Jj then the resonance excitation components for 

p = 14 are zero. Thus, the 3Qz = 14 and Qz + 2QY = 14 resonance 

excitation components CX 14, SXr4, Cur,, and SYr, produced by the 

currents in the eight strings are given by 

[ ;;;I =33M1ij g] (6) 

and the 3Qz = 13 and Qz + 2Q, =I 13 resonance excitation components 

CXr3, SXra, CUra, and SYra are given by 

[ g+(3M13[ g;) (7) 
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where 

M14 = 

and 

39.017 -230.433 -8.606 -191.932 
34.454 60.248 56.746 -147.730 

125.164 -59.570 0.214 -88.629 

75.279 66.529 150.993 -14.219 

(8) 

52.718 -211.124 35.220 -252.319 

M13 = 
33.732 140.525 59.665 54.026 

148.590 -46.760 103.567 -83.961 ’ (9) 

62.797 92.117 131.038 61.137 I 

The matricies MI3 and Ml4 are those obtained by Tepikian in Ref. (2). In 

equations (6) and (7), S = 16.43 x 10m4 tesla/m per ampere is the 

integrated sextupole strength produced by each 2-turn auxiliary winding, 

P is the momentum, cP/e = 3.335641 tesla-m per GeV, and the 
normalization constant, N = 250. The matrix elements in (8) and (9) are 

given in units of m3i2. 

The currents required to produce a given set of excitation components are 

given by 

i 

Jl 
J2 

J3 

J4 

and 

J5 

J6 

J7 

JS 

where 

MT; = -!- 
1000 

and 

cx13 

+ M;; 
sx13 

CK3 

w3 

cx13 

MTil - MT; sx13 

C&3 

w3 

II 
II 

f -2.684 -1.983 9.023 0.579 

-3.987 4.681 1.150 -1.988 

2.991 -1.635 -4.942 7.415 

-1.103 -5.950 0.675 2.172 I 

-5.969 0.561 12.238 -8.323 

1.971 13.164 -1.397 -5.419 

4.390 -4.167 -6.216 13.262 

-6.246 -11.479 2.858 4.647 
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Thus if the operator selects values for the eight excitation components 

CXr4, SXr4, Cur,, SYr,, CXls, SXrs, CYrs, and SYrs, then substitution 

of these values into equations (10-11) will give the currents required in the 

eight strings. Alternatively, if the operator wants to know the values of the 

excitation components produced by the correction scheme for a given set of 

currents, then these values are obtained by substituting the currents into 

equations (6-7). 

2.4 Power Supplies 

Each of the eight strings of auxiliary windings is connected to its own 

power supply. These power supplies are bipolar and can deliver a maximum 

current of 50 amperes at a maximum of 25 volts. Each a-turn auxiliary 

winding therefore provides a maximum excitation of 100 ampere-turns. 

This is 3.6% of the maximum excitation of 2800 ampere-turns provided by 

each &turn main winding. The maximum current requirement is based in 

part on Tepikian’s calculation [3] of the sextupole strength required to 
correct the resonances. Since the resistance of each string is 0.3066 ohms, 

the mimimum voltage required at 50 amperes is 15.33 volts. The 

additional voltage is sufficient to ramp the current in each string from zero 

to the maximum current in half the booster cycle period of 0.133 seconds. 

2.5 Controls 

The current in each string of sextupoles is programed with a 400 point 

function generator (described in section 1.5) which has the same name as 
the sextupole string. The function for each of the eight strings is normally 

obtained from the functions specified by the user for the eight excitation 
components. The currents required in the eight strings are then obtained 

from equations (10-13) with P = 0.645 GeV/c. The user may sometimes 

find it useful to directly specify the functions for the eight strings. The 

values of the excitation components are then obtained from equations 

(6-9) with P = 0.645 GeV/c. 

The value of the current in each of the four strings may be read back at 

time Tsample which is specified by the user. Analog signals for each string 

are available through a multiplexer. 



3 LINEAR COUPLING RESONANCE 
CORRECTIONS 

3.1 Purpose 

The purpose of these corrections is to eliminate those components of skew 

quadrupole fields in the booster which excite the Qz - QY = 0 and 

Qz + Qt/ = 9 resonances. These resonances must be corrected 

simultaneously without introducing any unwanted harmonics. 

3.2 Magnets Used 

With the exception of superperiods C, D, and F, each superperiod of the 
booster contains eight correction packages centered 67.1 cm upstream of 

the center of each quadrupole. Each package contains a horizontal and a 

vertical dipole, and an additional set of coils which can be excited to 

produce either a quadrupole or a skew quadrupole. The packages upstream 

of quadrupoles QVXl, QHXZ, QVX7, and QHX8 contain skew 

quadrupoles which are labeled QSXl, QSXS, QSX7, and QSXS. These are 
the skew quadrupoles used for the correction of the Qz - Qy = 0 and 

Qz + Qv = 9 resonances. Each skew quad has a 48-turn winding and a 

measured integrated strength (see Ref. 7) of 5.45 gauss per ampere. In 
superperiod C there is no correction package upstream of quadrupole 

QVC5 and in superperiods D and F there is no correction package 

upstream of quadrupoles QHD6 and QHFG. 

The skew quads are connected together to form four strings which are 

labeled QSSTRl, QSSTR2, QSSTR3, and QSSTR4. Each string consists 

of six of the skew quads connected in series as indicated below. The 

polarities of the skew quads in each string are all the same. 

QSSTRl: QSAl QSA7 QSCl QSC7 QSEl QSE7 

QSSTRZ: QSA2 QSA8 QSC2 &SC8 QSE2 QSE8 

QSSTR3: QSBl QSB7 QSDl QSD7 QSFl QSF7 

QSSTR4: QSB2 QSB8 QSD2 QSD8 QSF2 QSF8 

The divison of the 24 skew quads into these four strings allows one to 

independently correct the Qz - Qv = 0 and Qz + QY = 9 resonances. The 

details of this scheme are discussed in Ref. (2) and in the appendix. 
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The six skew quads in each string are connected together with number 2 
(AWG) cable. The total resistance of each series string, including the 
resistance of the skew quads, is 0.771 ohms. The estimated inductance of 
each string is 12 mH. 

3.3 Excitation Scheme 

The four strings QSSTRl, QSSTRB, QSSTR3, and QSSTR4 are excited 
with currents ,71, .lz, J3, and J4 respectively. If Ij = Ij+z for j = 1,2, then 
theQ, tQY=9 resonance excitation components are zero. Similarly, if 
Jj+z = -Jj then the QZ - Qv = 0 resonance excitation components are 
zero. Thus, the QZ - Qy = 0 and QZ + Qv = 9 resonance excitation 
components produced by the currents in the four strings are given by 

and 

where 

N1 = 
90.254 87.046 
4.517 23.301 

(14) 

(15) 

, N2= 
71.556 -14.017 
43.519 82.487 (16) 

The matricies N1 and N2 are those obtained by Tepikian in Ref. (2). In 
equations (14) and (15), Q = 5.45 x lo-” tesla per ampere is the 
integrated strength of each skew quad, P is the momentum, 
cP/e = 3.335641 tesla-m per GeV, and the normalization constant, 
N = 105/47r. The matrix elements in (16) are given in meters. 

The currents required to produce a given set of excitation components are 
given by 

and 
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where 

N,’ _-!- 13.628 -50.912 = 

1000 -2.642 

’ Nz1 12.666 2.152 = -( 1 

1000 -6.682 10.988 

Thus if the operator selects values for Co, Co, and So then substitution of 

these values into equations (17-18:) will give the currents required in the 
four strings. Alternatively, if the operator wants to know the values of the 

excitation components produced by the correction scheme for a given set of 

currents, then these values are obtained by substituting the currents into 

equations (14-15). 

3.4 Power Supplies 

Each of the four strings of skew quadrupoles is connected to its own power 

supply. These power supplies are bipolar and can deliver a maximum 

current of 25 amperes at a maximum of 32 volts. Each skew quad therefore 
has a maximumintegrated strength of 135 gauss. This is 0.64% of the 

maximum integrated strength of 2.1 tesla provided by each main 

quadrupole during proton extraction. The maximum current requirement 

is based in part on Tepikian’s calculation [3] of the skew quadrupole 

strength required to correct the resonances. Since the resistance of each 

string is 0.771 ohms, the minimum voltage required at 25 amperes is 19 

volts. The additional voltage is sufhcient to ramp the current in each 
string from zero to the maximum current in half the booster cycle period 

of 0.133 seconds. 

3.5 Controls 

The current in each string of skew quadrupoles is programed with a 400 

point function generator (described in section 1.5) which has the same 

name as the skew quadrupole string. The function for each of the four 

strings is normally obtained from the functions specified by the user for 

the four excitation components. The currents required in the four strings 

are then obtained from equations (17-19) with P = 0.645 GeV/c. The user 

may sometimes fmd it useful to directly specify the functions for the four 

strings. The values of the excitation components are then obtained from 

equations (14-16) with P = 0.645 GeV/c. 
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The value of the current in each of the four strings may be read back at 

time Tsample which is specified by the user. Analog signals for each string 

are available through a multiplexer. 

4 Appendix: Sum and Difference Resonances 

A detailed discussion of the theory of sum and difference resonances may 

be found in Ref.(8). Following are some basic results. 

The resonance is defined by the equation 

mQ,-tnQ,=N, (20) 

where QZ and Qtl are the horizontal and vertical tunes, and m, n, and N 

are integers. If m and n have opposite signs, the resonance is called a 

difference resonance; otherwise it is called a sum resonance. The order, I, 

of the resonance is 

I = Iml + Inl. (21) 

If the tunes are sufficiently close to the resonance, i.e. if they a,re within 

the resonance stopband, and if n is even (odd), the resonance will be 
excited by the Nth harmonic, in azimuth 8, of the normal (skew) 2Lpole 

fields present in the machine. The resonance condition (20) arises from the 
first-order perturbation treatment of the vector potential terms zlmlylnl 

associated with the 2Lpole field. The width of the stopband is proportional 

to the strength of the 2Lpole field, and for resonances of order 3 and higher 

also depends on the amplitudes, J, and Jv, of the betatron oscillations. If 

the tunes are near the resonance, and if m # 0, n # 0, then the quantity 

C = nJ, - mJ, (22) 

is a constant of the motion. For the case of the difference resonances this 

implies that the amplitudes are bounded; for sum resonances the 

amplitudes can increase without bound. In the presence of space-charge 

forces the amplitudes are generally bounded as discussed in Ref. (9). 

4.1 Excitation Coefficients 

The excitation coefficient for the resonance (20) is of the form 
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where p is the momentum, 

k(S) = 
/ 

8 ds’ -- 
0 B&‘)’ 

a(‘-‘)B 
K(s) = &([_‘) 9 (25) 

and B = B,(B,) ifn is even (odd). 

4.2 Resonance Correction 

For the correction of the mQ, + n&v = iV resonance we require 

notn=o (26) 

where ICY is the excitation coefficient due to imperfections in the machine, 

and K. is produced by the resonance correction scheme. For a set of point 

correction elements we have 

(27) 

where K is the integrated strength per unit current of each correction 

element, Ij is the current in the jth element, and 

Px.i = PxCsj), &,.i = &(Sj), $j = $(Sj). (28) 

If the correction elements occupy the same relative positions in each of P 

superperiods, and we let q and p denote the qth correction element in the 

pth superperiod, then (27) becomes 

(29) 

where 

Now, if we choose 

&XJ = $q -t 2?rN(p - 1)/P. (30) 

27rM 
Ipq = Iq cos -+I - 1) = Iqf,, (31) 
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as in the correction scheme proposed in Ref. (2), then (29) becomes 

where 

P 
sMN = C ei2rNk1)lP cos yqp - 1) = ; &xp-’ + P-l), (33) 

p=l p=l 

_;y = ei2dN+M)/P, y = ei2x(N-M)/P . (34) 

Here we see that since 

P 

(2 - 1) c zp-l = zp - 1, 
p=l 

SMN is zero unless N f M = PI, where I is any integer. Thus SMN serves 
as a filter for unwanted harmonics. For the case of the Booster, P = 6, and 

we find the following values for SMN and f,: 

and 

M’ 

14 1 13 

9 

0 

M N 

14 14 
13 13 
13 5 
14 4 
9 9 
0 0 
13 14 
14 13 
14 5 
13 4 
9 0 
0 9 

SMN UMN VMN 

3 312 312 1 3 312 312 
3 312 312 
3 312 312 
6 

6 -- 
O 

0 

0 

0 

0 

0 -- 

3 3 

3 3 

312 -312 

312 -312 

312 -312 

312 -312 

3 -3 

3 -3 

fl f2 f3 f4 fs f6 
1 -l/2 -l/2 1 -l/2 -l/2 

1 l/2 -l/2 -1 -l/2 l/2 
1 -1 1 -1 1 -1 
1 1 1 1 1 1 
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where 

p/2 

SMN = UMN + hN, uhfN = C ei2*N(2~-2W’ 

,p=l 

cos y(2p - 2). (36) 

4.3 Correction of Resonances 3Qz = 14, Qz + 2&,, = 14, 

3Qz = 13, and QI + 2Qy = 13. 

These resonances are corrected with the eight strings of sextupoles listed in 

section 2.2. Since the auxiliary windings on the sextupoles in superperiods 

B, C, E, F have half as many turns as those in superperiods A and D, and 

are wired with the opposite polarity, fp will have the values tabulated for 

the case M = 14 or M = 13. For the correction of resonances 3Qz = 14 

and Qz + 2Qv = 14, the currents in each superperiod are given by (31) 
with M = 14 and Is = -II, I4 = -12, 17 = -15, Ig = -16. If J1, J2, J3, J4 

are the currents in sextupoles 1, 2, 5, 6 of superperiod A, and Js, J6, J7, 
J8, are the currents in sextupoles 1, 2, 5, 6 of superperiod D, then (32) 
becomes 

[ ;;;) -t(t)-H( jj;;]. (37) 

where CXr4 and SXr4 are the real and imaginary parts of the excitation 

coefficient for the 3Q2 = 14 resonance, CYr, and SYr, are the real and 

imaginary parts of -l/3 times the excitation coefficient for the 

Qz + 2Q, = 14 resonance, and 

M14 = 3(M, - Mb), 

Mb = 

(38) 

(39) 

(40) 



Cxj = COS 7)xj, S,j = sin&j, Cyj = COS ?)yj, Syj = sin&j, (41) 

1cIzj = 3&j t (N - 34?z)ej, +gj = Pxj tWt,j + (N- Qz - 2Qy)ej. (42) 
Similarly, for the correction of the 3Q2 = 13 and QZ + 2Qy = 13 

resonances we have 

where Ml3 is given by (38-42) with N = 13. 

Now, since SMN = 3 for (M, N) =: (14, 4) and (13, 5), correction of the 
3QZ = 14 and QI + 2Q, = 14 resonances can produce a nonzero excitation 
coefficient for the 2Q, - QI = 4 resonance, and correction of the 3QZ = 13 

and QZ + 2QY = 13 resonances can produce a nonzero excitation coefficient 
for the 2Q, - QZ =: 5 resonance. Evaluating (32) for the 2Q, - QZ = 4 
resonance we find 

(;;z)=;(;)Md[ ;;;). (44) 

4 8 

where CXY4 and SXY4 are the real and imaginary parts of -l/3 times 

the excitation coefficient for the 2Q, - Qz = N = 4 resonance, and 

Cj = cos $Jj, Sj = sin$j, $Jj := 2pyj - /Lzj + (N - 2Qv + Q,)6j. (48) 

Similarly, for the 2Qv - QZ = 5 resonance we have 

(;;:);E(;)Ms[ ;;;], (49) 

4 8 

where MS is given by (45-48) with. N = 5. 
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4.4 Correction of Resonances Qz - Qy = 0 and Qz + Qv = 9. 

These resonances are corrected with the four strings of skew quadrupoles 

listed in section 3.2. (Only the skew quads in sections 1, 2, 7, 8 of each 

superperiod are used.) These strings can be excited so that fP will have 

the values tabulated for the case M = 0 or M = 9. The currents in each 

superperiod are given by (31) with M = 0 or M = 9 and 11 = 17, 12 = 18. 

If J1 and Jz are the currents in skew quads 1 and 2 of superperiod A, and 

J3 and J4 are the currents in skew quads 1 and 2 of superperiod B, then 

(32) b ecomes 

and 

(50) 

(51) 

where Co and So are the real and imaginary parts of the excitation 

coefficient for the Qr - QV = 0 resonance, Cg and Sg are the real and 
imaginary parts of the excitation coefficient for the Qz + QV = 9 resonance, 

and 

4.5 Correction of Resonances 2Qz = 9 and 2Q, = 9. 

The 2Q2 = 9 and 2QY = 9 resonances are corrected with the four strings of 

quadrupoles listed in section 1.2. Since these strings are wired so that the 

auxiliary windings on the quads in superperiods B, D, F have polarity 

opposite those in superperiods A, C, E, fP will have the values tabulated 

for the case M = 9. The currents in each superperiod are given by (31) 
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withM=9andI~=I7,12=18,I3=-15,14=-16.LfJ1,J2,J3,J4are 

the currents in quadrupoles 1, 2, 3, 4 of superperiod A, then (32) becomes 

(56) 

where Q is given by (3), CX and SX are the real and imaginary parts of 

the excitation coefficient for the 2Q2 = 9 resonance, CY and SY are the 

real and imaginary parts of the excitation coefficient for the 2Qr, = 9 

resonance, and 

M = 6(M, + Mb), (57) 

(58) 

C=j = COS$cl,j, Szj = sin&j, Cyj = COS$,j, Sgj = sin&j, (60) 

$zj = 2Cltj + (A’ - 2Qz)ej, $tt/j = 2pgj + (N - 2Qy)Oj, (N = 9) (61) 
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